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A b s t r a c t — D i e t a r y arsenic i n t a k e e s t ima t e s based on surveys o f t o t a l a r s e n i c c o n c e n t r a t i o n s a p p e a r t cb e d o m i n a t e d by i n t a k e o f t h e r e l a t i v e l y non- t ox i c , o r g a n i c ar s enic f o r m s f o u n d in s e a f o o d C o n c e n -t r a t i o n s of inorgani c arsenic in f o od have not been not we l l c h a r a c t e r i z e d . A c c u r a t e d i e t a r y m l a k e e s t i -m a t e s f o r inorganic arsenic a r e needed t o s u p p o r t s t u d i e s o f a r s e n i c ' s s t a t u s a s a n e s s e n t i a l n u t n e n : .a n d t o e s t a b l i s h background l e v e l s o f e xpo sur e t o i n o r g a n i c arsenic . I n t h e m a r k e t b a s k e t survc>r e p o r t e d here, 40 commoditie s a n t i c i p a t e d to p r o v i d e at l ea s t 90% of d i e t a r y i n o r g a n i c a r s e n i c i n t a k ewere i d e n t i f i e d . F o u r s a m p l e s o f each c o m m o d i t y were c o l l e c t e d . Tota l a r s e n i c wa s a n a i y s e o usme anN a O H d i g e s t i o n a n d i n d u c t i v e l y coupl ed p la sma-mas s s p e c t r o m e t r y . S e p a r a t e a l i q u o t * were a n a l y s e df o r arsenic species u s ing a n H C I d i g e s t i o n a n d h y d r i d e a t o m i c a b s o r p t i o n s p e c l r o s c o p y C o n s i s t e n t withe a r l i e r s t u d i e s , t o t a l arsenic concentra t i ons (a l l c onc en tra t i on s r e p o r t e d a s e l e m e n t a l a r s e n i c p e r t i s s u ewe t w e i g h t ) were highest in the s ea f ood s s a m p l e d ( r a n g i n g f r o m 160 ng/g in f r e s h w a t e r f i s h t o 2360 ng/f in s a l t w a t e r f i s h ) . In contrast, average inorganic arsenic in s e a f o o d ranged f r o m l e s s than ] ng/g to 2ng/g . The highes t inorganic arsenic valves were f o u n d in raw rice (74 n g / g ) , f o l l o w e d by f i o u i U1 ng/g),g r a p e j u i c e (9 ng/g) and cooked sp inach (6 n g / g ) . T h u s , grains and p r o d u c e are e x p e c t e d t o b e s ipni f i -cant c o n t r i b u t o r s to d i e t ary inorganic arsenic in take . © 1999 Elsevier Science Lid. All nfhts reserved
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I N T R O D U C T I O N
A r s e n i c has been d e t e c t e d in most f o o d s t e s t e d .
A l t h o u g h arsenic may be present in f o o d s in a var-
i e t y of o r g a n i c c ompounds as well as in inorganic
f o r m s , most s t u d i e s have reported only t o t a J arsenic
c o n c e n t r a t i o n s . Based on s t u d i e s in labora tory ani-
m a l s , i n o r g a n i c arsenic may be a required nutrient
for humans: however, the required i n t a k e s and the
i n t a k e s f r o m t y p i c a l d i e t s are not well characterized
( U t h u s . 1994a.b; U t h u s and Seaborn, 1996). During
the l a s t two d e cade s , much progress has been made
in u n d e r s t a n d i n g the forms and concentrations of
arsenic in some f o o d s . The primary focus of prior
research has been on arsenic in aquatic organisms.
many of which contain total arsenic concentrations
two to t hr e e orders of magnitude greater than t o t a l
arsenic concentrations in f o o d s of terrestrial origin

' C o r r e s p o n d i n g a u t h o r .

( J e l i n e k a n d C o r n e l i u s s e n . I 9 7 T : S c h r o e d e r a n d
B a l a s s a , 1 9 6 6 )

S t u d i e s o f t h e arsenic f o r m s f o u n d i n f m f i s h a n d
s h e l l f i s h have d e m o n s t r a t e d t h a i mosi arsenic in
these f o o d s occurs as m e t h y l a t e d arsenic com-
p o u n d s , wi th o n l y s m a l l a m o u n i s o f i n o r g a n i c
arsenic pr e s en t ( B u c h e t ei a!.. 1994: F r a n c e s c o n i
and E d m o n d s , 1994: P h i l l i p s . 1994: Y o s t e i al..
1998). I n o r g a n i c arsenic i s no t f o r m e d a f t e r inges-
t i on of these c o m p o u n d s ( B u c h e t e i al., 1994, 1 9 9 6 ) ,
i n d i c a t i n g l i t t l e or no m e t a b o l i s m in h u m a n s to the
most t o x i c f o r m s o f arsenic. T h e c o m p l e x arsenic
c ompound s t h a t p r e d o m i n a t e in mar ine organi sms
are much less a c u t e l y t o x i c t h a n s o l u b l e i n o r g a n i c
arsenic c o m p o u n d s , w i th a r s e n o b e t a m e ( t h e p r e d o -
minant compound in f i n f i s h ) b e ing v i r t u a l l y non-
t o x i c ( S h i o m i , 1994; Y a m a u c h i a n d F o w l e r , 1994).
M o n o m e t h y l a r s o n i c ( M M A ) a n d d i m e t h y l a r s e n i c
( D M A ) a c i d s a r e a l s o l e s s a c u t e l y t o x i c t h a n t h e
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S u r v e y o f i n o r g a n i c ar s enic in f o o d 84 i
microwave oven, i n s t e a d o f b e i n g b o i l e d in w a t e i .
C o m m o d i t i e s c o l l e c t e d , a d e s c r i p t i o n o f t h e
s a m p l e s , the s t a t e or c oun try of or ig in of the raw
c o m m o d i t y (i f known), and a brie f d e s c r i p t i o n o f
the p r e p a r a t i o n / c o o k i n g m e t h o d s are p r e s e n t e d in
T a b l e 1 . Each s a m p l e wa s t h e n a n a l y s e d s e p a r a t e l y
(i.e. no c o m p o s i t e s were p r e p a r e d ) .
Sample analyse;

A l l s a m p l e s were a n a l y s e d a t B a t t e l l e M a r i n e
Science s in S e q u i m . W a s h i n g t o n . T o t a l arsenic was
a n a l y s e d i n f o o d c o m m o d i t i e s a f t e r N a O H d i g e s t i o n
b y i n d u c t i v e l y c o u p l e d p l a s m a - m a s s s p e c t r o m e t r y
(ICP-MS). A p p r o x i m a t e l y one in every 10 s a m p l e s -
w a s a n a l y s e d i n t r i p l i c a t e . F o r t h e d i g e s t i o n o f
l i q u i d s ( m i l k , j u i c e s a n d w a t e r ) . N a O H w a s a d d e d
to 8 g l i q u i d to p r o d u c e 2 N N a O H s o l u t i o n . T h i s
s o l u t i o n w a s h e a t e d f o r 1 6 h r a t 8 0 ' C . F o r t h e
d i g e s t i o n of s o l i d f o o d , e i t h e r ] or 2 g f o o d was
d i g e s t e d i n 1 3 m l 2 N N a O H f o r ] 6 h r a t 8 0 ° C . I n
p r e p a r a t i o n f o r I C P - M S a n a l y s i s , 1 m l d i g e s t a t t
was d i l u t e d wi th 9 ml 2% c o n c e n t r a t e d H N O ? . A
m o d e ] E l a n 5000 P e r k i n - E l m e r ICP-MS was oper-
ated u s i n g t h e s t o c k c r o s s - f l o w n e b u l i z e r . S e v e r a l
ions were m o n i t o r e d t o e v a l u a t e p o l y a t o m i c imei-
f e r e n c e f r o m A r 4 0 C1 3 : . which has the same mass as
arsenic. W h e n i n t e r f e r e n c e occurred, t h e m a n u f a c -
t u r e r ' s c o rr e c t i on f a c t o r w a s used t o reduce t h t
i n t e r f e r e n c e .

F o o d s a m p l e s were d i g e s t e d f o r a n a l y s i s o f t o t a l
arsenic u s i n g N a O H i n s t e a d o f H N O 3 , wh i ch h a d
been used in a pr ev i ou s s t u d y of arsenic in rice and
yams ( S c h o o f e i a/.. 1 9 9 8 ) . T h e N a O H d i g e s t i o n
wa s e x p e c t e d t o b e more e f f e c t i v e t h a n HNOj u ,
d i s s o l v i n g f o o d w i t h h i g h f a t c o n t e n t . A c o m p a r i s o n
between th e s e t w o t y p e s o f d i g e s t i o n s o n f i v e d i f f e r
e n t rice s a m p l e s r e s u l t e d i n a r e l a t i v e p er c en t d i f f e i -
ence of 10% b e twe en the mean c o n c e n t r a t i o n s .
T o t a l ar senic r e s u l t s f o r o y s t e r t i s s u e d i g e s t e d w i t h
N a O H o r H N O ? agr e ed w i t h i n 5 V A n a l y s i s o f
s t a n d a r d r e f e r e n c e bovine l i v e r ( c e r t i f i e d 0.055 / J g / g
A s ) d i g e s t e d w i t h N a O H r e s u l t e d i n 0.071 / j g / g a n d
d i g e s t e d w i t h H N O ? r e s u l t e d i n 0.062 ^ g / g . T h e s e
r e s u l t s i n d i c a t e t h a t b o t h d i g e s t i o n m e t h o d s a r e
c o m p a r a b l e and ac cura t e .

A r s e n i c s p e c i a t i o n was d e t e r m i n e d in f o o d
s a m p l e s d i g e s t e d w i th HO. Between 0.5 and 2 g of
f o o d w a s d i g e s t e d w i t h 1 3 m l 2 N H C 1 a t 8 0 ' C f o r
1 6 h r . T h e d i g e s t a t e s were s t o r ed a t 4 C C b e f o r e
a n a l y s i s b y E P A M e t h o d 1 6 3 2 , ( U S E P A , 1 9 9 6 ) . A
2-mJ a l i q u o t o f t h e d i g e s t a t e w a s a n a l y s e d f o i
A s 3 * by arsine g e n e r a t i o n at pH 6 w i t h the redu-
cing agent s od ium b o r o h y d r i d e . The h y d r i d e wa s
c o l l e c t e d on a cryogenic column b e f o r e q u a n t i f i -
cation by atomic a b s o r p t i o n (AA) using a quartz
tube w i t h an a i r - h y d r o g e n f l a m e p o s i t i o n e d in the
l i g h t p a t h .

T h e H C 1 d i g e s t i o n i s e f f e c t i v e i n d i s s o l v i n g t h e
arsenic c o m p o u n d s in f o o d w i t h o u t c h a n g i n g th e
o x i d a t i v e s t a t e s o f A s ? " and As 5 "* (Beauchemin

ei a!., 1988: S c h o o f ei a!., 1998). A l s o , MM A and
DMA are no t d e c ompo s ed d u r i n g the d i g e s t i o n .
Recovery o f m a t r i x s p i k e s o f A s 3 " * . A s 5 * , M M A
a n d D M A a d d e d t o 2 1 d i f f e r e n t f o o d s i n d i c a t e s
t h a t t h e d i g e s t i o n proce s s does n o t a l t e r t h e s p e c ia-
t i on o f the s e f o u r c ompound s . Mean s p i k e recov-
eries for the f o u r arsenic spec i e s were 92% for
A s 3 " , 8 6 % f o r A s 5 * , 8 9 % f o r M M A a n d 9 8 % f o r
D M A . Because th er e are f ew p u b l i s h e d d a t a on
arsenic s p e c i a t i o n in f o o d , compari sons wi th o th er
d i g e s t i o n m e t h o d s a r e l i m i t e d . T h e C a n a d i a n
N a t i o n a l Research C o u n c i l r epor t ed t h e c e r t i f i e d
r e f e r e n c e m a t e r i a l DORM-1 ( d o g f i s h m u s c l e ) con-
t a i n e d 0.47 ± 0.02 p g / g DMA (Beauchemin ei al.,
1 9 8 8 ) . Our r e s u l t s f or seven r e p l i c a t e s o f D O R M - 1 ,
a n a l y s e d w i t h d i f f e r e n t ba t ch e s o f f o o d , had a mean
and s t a n d a r d d e v i a t i o n o f 0.56 ± 0.07 /Jg/g. The
c o n c e n t r a t i o n s o f arsenic spe c i e s were s t a b l e f or
over 1 mon th in the d i g e s t a t e s of c e r t i f i e d r e f e r enc e
m a t e r i a l s s tored a t 4 ° C .

T h e q u a n t i f i c a t i o n o f t o t a l i n o r g a n i c arsenic.
M M A a n d D M A w a s c o n d u c t e d s i m i l a r l y t o t h a t
of A s ? " . e x c ep t t h a t arsines were g e n e r a t e d at
pH 1. The three ars ines (ar s in e . m e t h y l a r s i n e and
d i m e t h y l a r s i n e ) were c o l l e c t e d on the co ld c o lumn,
th en q u a n t i f i e d by AA when the co lumn was
h e a t e d . T h e d i f f e r e n t c o lumn r e t e n t i o n t imes o f t h e
ars ines a l l o w s q u a n t i f i c a t i o n o f i n o r g a n i c arsenic.
M M A a n d D M A . T h e c oncen tra t i on o f A s 5 * i s
d e t e r m i n e d by th e d i f f e r e n c e between i n o r g a n i c
arsenic and A s 3 * . Every f o u r t h s a m p l e was ana-
l y s e d in t r i p l i c a t e .

The d a t a were b l a n k - c o r r e c t e d by s u b t r a c t i n g th e
mean o f t h e p r o c e d u r a l b l a n k s . The mean b l a n k
c o n c e n t r a t i o n s are shown in T a b l e 2. The me thod
d e t e c t i o n l i m i t s were d e t e r m i n e d f r o m t h e variance
i n t r i p l i c a t e a n a l y s e s o f f o o d s a m p l e s c o n t a i n i n g
l o w b u t d e t e c t a b l e arsenic. T h e s t a n d a r d d e v i a t i o n
w a s m u l t i p l i e d b y t h e S t u d e n t ' s r-value f o r 9 5 %
c o n f i d e n c e l e v e l . T h e m e t h o d d e t e c t i o n l i m i t s a r e
shown in T a b l e 2.

] f n o arsenic w a s d e t e c t e d ( a f t e r b l a n k correct-
i n g ) , o n e - h a l f t h e va lu e o f t h e me thod d e t e c t i o n
l i m i t was given wi th a "U" f l a g . O n e - h a l f the d e t e c -
t i o n l i m i t was used in subsequent c a l c u l a t i o n s .
M e a n v a l u e s have a " f" q u a l i f i e r i f a l l v a l u e s used
t o c a l c u l a t e the mean were "U" q u a l i f i e d . W h e n the
c o n c e n t r a t i o n o f arsenic in f o o d ( a f t e r b l a n k cor-
r e c t i n g ) wa s d e t e c t e d above th e b l a n k c o n c e n t r a t i o n
but b e l ow the me thod d e t e c t i o n l i m i t , the value was
"J" f l a g g e d . The same rule as was used for the
" £ ' " f l a g g e d value s w a s a l s o a p p l i e d i n a s s i g n i n g
"J" q u a l i f i e r s to mean value s .

R E S U L T S
T a b l e 3 shows mean c o n c e n t r a t i o n s o f t o t a l and

i n o r g a n i c arsenic for 40 c ommod i t i e s and lap water.
T h e d a t a f r o m t h e t w o towns f r o m which f o o d
s a m p l e s were c o l l e c t e d d i d n o t d i f f e r s i g n i f i c a n t l y .



S u r v e y o f i n o r g a n i c arsenic in f o o d
T a b l e 2 . M e a n b l a n k c o n c e n t r a t i o n s a n d m e t h o d d e t e c t i o n l i m n ;

(ngif wei weight
M e a n b l a n k c o n c e n t r a t i o n s M e t h o d d e t e c t i o n l i m i t ;

As, 1.96
A ; " ' ' < 1
A ; " - ' 1 . 9 f r
MMA < 1DMA <:

"
]
*
1
:

N o t e : A s , 0 , - t o t a l ar s enicA S j - m o r g a n j c arsenic
M M A - m o n o m e t h y l a r s o n i c acicD M A - d i m e t h y l a r s i m c a c i d .

C o n s e q u e n t l y , t h e d a t a f o r a l l f o u r s a m p l e s o f each
c o m m o d i t y were a v e r a g e d .

T o t a l a r s e n j c was d e t e c t e d in two or more
s a m p l e s of 35 of the 40 commodi t i e s , tha t is. all of
t h e c o m m o d i t i e s e x c e p t b u t t e r , s o y b e a n / v e g e t a b l e
o i l s a l t , w h o l e m i l k and green beans. I n o r g a n i c
ar s en i c was d e t e c t e d in two or more s a m p l e s of 34
of the 40 c o m m o d i t i e s , t h a t i s . a l l c o m m o d i t i e s
e x c e p t s o y b e a n / v e g e t a b l e o i l . w h o l e a n d skim m i l k ,
ch i cken , t una and orange j u i c e . I n o r g a n i c arsenic
c o n c e n t r a t i o n s were e i t h e r u n d e t e c t e d o r ' V q u a l i -
f i e d i n - a p p r o x i m a t e l y o n e - h a l f o f t h e s a m p l e s ,
s u g g e s t i n g t h a t t h e d e t e c t i o n l i m i t s achieved i n t h i s
s t u d y a r e j u s t s u f f i c i e n t t o c h a r a c t e r i z e i n o r g a n i c
arsenic c o n c e n t r a t i o n s in a w i d e v a r i e t y o f f o o d s

C o n s i s t e n t wi th e a r l i e r s t u d i e s , t o t a l arsenic con-
c e n t r a t i o n s ( a l l c o n c e n t r a t i o n s r e p o r t e d a s e l e m e n t a l
arsenic per t i s s u e wet w e i g h t ) were h i g h e s t in the
f o u r k i n d s o f s e a f o o d s a m p l e d (means ranged f r o m
1 6 0 n g / g i n f r e s h w a t e r f i s h t o 2360 n g / g i n s a l t w a t e r

f i s h ) . ] n c o n t r a s t , av erage i n o r g a n i c ar s eni c mean
c o n c e n t r a t i o n s in s e a f o o d ranged f r o m less t h a n ]
n g / g t o 1 n g / g . M a r k e d v a r i a t i o n i n t o t a l ar s en i c
c o n c e n t r a t i o n s observed i n f i n f i s h s a m p l e s m a >
r e f i e c i v a r i a t i o n ? among spec i e? ( T a b h 4 ) .
C o n c e n t r a t i o n s were more c o n s i s t e n t a m o n p canned
t u n a s a m p l e s .

T h e next h i g h e s t t o t a l ar s eni c c o n c e n t r a t i o n ?
occurred in rice (303 ng/g j ? which a l s o had the
h i g h e s t c o n c e n t r a t i o n ? o f i n o r g a n i c arsenic
( T a b l e 3 ) . Other f o o d ? w i t h r e l a t i v e l y h i g h ( i . t .
g r e a t e r t h a n 1 0 n g / g ) t o t a l arsenic c o n c e n t r a t i o n s
i n c l u d e d f o o d s h i g h i n p r o t e i n ( i . e . b e e f , ch i cken,
p o r k , e g g s and p e a n u t b u t t e r ) or s u g a r (i . e . beet
s u g a r , cane s u g a r , g r a p e s and g r a p e j u i c e ) , and
g r a i n s (i . e . corn meal and f i o u r ) .

The i n o r g a n i c arsenic c o n c e n t r a t i o n s in raw rice
(74 n g / g ) were much h i g h e r than c o n c e n t r a t i o n s in
o t h e r f o o d s . T h e next h i g h e s t c o n c e n t r a t i o n s o f
i n o r g a n i c arsenic were i n f l o u r ( 1 1 n g / g ) , g r a p e j u i c e
(9 n g / g ) . cooked s p i n a c h (6 n g / g ) . p eanu t b u t t e r (5
n g / g ) , peas (5 n g / g ) , as well as cane sugar, corn
meal , cucumber and beet sugar (all 4 n g / g ) .
I n o r g a n i c arsenic c o n c e n t r a t i o n s were low enough
in most f o o d s t h a t it was not c l ear what arsenic
f o r m s p r e d o m i n a t e d (i.e. A s ' " o r A s ; - f ) ; however.

i n rice, f i o u r , g r a p e j u i c e , s p i n a c h , p e a n u t b u t t e r a n d
cucumber, t h e c o n c e n t r a t i o n s o f A s ' " * were g e n e r a l l y
more t h a n twice t h e c o n c e n t r a t i o n o f A s 5 " ' . I n con-
t r a s t , cane sugar and beet sugar a p p e a r e d to have
more A s 5 " " t han A s 3 * ( d a t a no t shown).

I n f r u i t s a n d v e g e t a b l e s , i n o r g a n i c arsenic
accounted f o r a p p r o x i m a t e l y o n e - h a l f o f t h e t o t a l
arsenic ( T a b l e 3) . In g r a i n s , sugars and o i l , inor-
gan i c arsenic a c count ed f o r a p p r o x i m a t e l y one-
quar t e r o f th e t o t a l arsenic, wh i l e o n l y a s m a l l f r a c -
t i o n o f t h e t o t a l w a s i n o r g a n i c i n meat, p o u l t r y , f i s h
a n d eggs . W i t h a f e w e x c e p t i o n s , bo th M M A a n d
DMA c o n c e n t r a t i o n s were u n d e t e c t e d or very J o w .
Rice and s h e l l f i s h ( s h r i m p ) were th e c o m m o d i t i e s
w i t h t h e h i g h e s t DMA c o n c e n t r a t i o n s , w i t h mean
c o n c e n t r a t i o n s of 91 and 34 n g / g , r e s p e c t i v e l y
( T a b l e 4). The next highes t concentrat ions of DMA
were in beet sugar and cane sugar , w i t h concen-
t r a t i o n s o f 7 and 8 n g / g . r e s p e c t i v e l y ( d a t a no i
shown). DMA was a l s o d e t e c t e d at low concen-
t r a t i o n s in s e a f o o d (Table 4). meat and f r u i t s and
f r u i t j u i c e s ( d a t a n o t shown). M M A w a s r e p e a t e d l y
d e t e c t e d o n l y i n s a m p l e s o f a p p l e j u i c e ( d a t a n o i
s h o w n ) and rice ( T a b l e 4).

D I S C U S S I O N
I n o r g a n i c arsenic wa s f o u n d a t n g / g concen-

t r a t i o n s in most f o o d s t e s t e d . C o n c e n t r a t i o n s f o r
i n o r g a n i c arsenic r e p o r t e d in the pr e s en t s t u d y were
g e n e r a l l y lower than tho s e p r e v i o u s l y r e p o r t e d f o r
s e a f o o d , meat and p o u l t r y , even t h o u g h t o t a l
arsenic c o n c e n t r a t i o n s were s imi lar among s t u d i e s .
F o r e x a m p l e , wh i l e i n o r g a n i c arsenic c o n c e n t r a t i o n ?
i n s a l t w a t e r f i n f i s h ( c o d , h a l i b u t , orange r oughy .
canned t u n a ) were l e s s t h a n 1 n g / g in the pr e s en i
s t u d y , thr e e pr ev iou s s t u d i e s r e p o r t e d v a l u e s f r o m 5
to 28 n g / g f or s i m i l a r f i s h s p e c i e s (Buche t e i a!..
1994. M o h r i et al.. 1990; Y o s t ei a!., 1 9 9 8 ) .
S i m i l a r l y , i n o r g a n i c arsenic c o n c e n t r a t i o n s i n
s hr imp ranged f r o m 1 to 3 n g / g in the f o u r s a m p l e s
t e s t e d in the pre s ent s t u d y , compared to value s o f
37 n g / g ( M o h r i ei al., 1990) and 100 n g / g ( Y o s t
ei al.. 1 9 9 8 ) in two s a m p l e s t e s t e d p r e v i o u s l y . M e a t
and p o u l t r y p r o d u c t s t e s t e d in th e pre sent s t u d y
(N = 12) a l s o c o n t a i n e d 1 n g / g or l e s s of i n o r g a n i c
arsenic, c ompared to 9 to 24 n g / g r e p o r t e d in a pre-
vious s t u d y ( Y o s t e i a!., 1 9 9 8 ) .

I n o r g a n i c arsenic c o n c e n t r a t i o n s in o ther f o o d s
were g e n e r a l l y c o n s i s t e n t w i th p r e v i o u s l y r e p o r t e d
value s . I n o r g a n i c arsenic c o n c e n t r a t i o n s have been
n o t a b l y c o n s i s t e n t among rice s a m p l e s t e s t e d by
several m e t h o d s , with average value s rang ing f r o m
74 to 110 n g / g ( T a b l e 5). In p a r t i c u l a r , s im i lar con-
c e n t r a t i o n s were reported f o r s p l i t s a m p l e s a n a l y s e d
by h y d r i d e AA a f t e r HC1 d i g e s t i o n or by 1 C P - M S
a f t e r a water-based e x t r a c t i o n . ( T a b l e 5 ) . G i v e n
these f i n d i n g s , i t i s unc l ear why lower inorgani c
arsenic c o n c e n t r a t i o n s were r e p o r t e d f or s e a f o o d ,
meat and p o u l t r y in the present s t u d y compared to



S u r v e y o f i n o r g a n i c arsenic in f o o d
T a b l e 4 . A r s e n i c c o n c e n t r a t i o n s i n i n d i v i d u a l s a m p l e s o f s e l e c t e d f o o d s ( n g / g w e l w e i g h t )

N o t e : T h e f o u r t h s a m p l e l i s t e d f o r a l l o f t h e above f o o d s i s a mean o f t r i p l i c a t e analyse s f o r t h a t s a m p l e .J—estimate? v a l u e observed above the b l a n k c o n c e n t r a t i o n , bu t les s t han the me thod d e t e c t i o n l i m i tU—not d e t e c t e d a t method d e t e c t i o n l i m i t ; o n e - h a l f t h e d e t e c t i o n l i m i t shown.
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i n a s ub s equen t a r t i c l e . H o w e v e r , t y p i c a l i n o r g a n i c s t or ed f o r l o n g p e r i o d s w i t h o u t l o s s o f q u a l i t y .
arsenic i n t a k e s are not e xp e c t ed to exceed tho s e
r e p o r t e d p r e v i o u s l y (i.e. 8 - 1 4 / j g / d a y f o r a d u l t s ' )
f Y o s t e i al., J 9 9 8 ) .

A l t h o u g h t h i s s t u d y r e l i e s on one s a m p l i n g event
in one s t a l e , t h e c o m m o d i t i e s s a m p l e d o r i g i n a t e d
f r o m d iv er s e g e o g r a p h i c l o c a t i o n s ( T a b l e 1 ) . T h i s
d i v e r s i t y r e f l e c t s t h e homogeneou s n a t u r e o f con-
t e m p o r a r y U S f o o d s u p p l i e s . M o s t o f t h e f o o d s
w i t h t h e h i g h e s t i n o r g a n i c ar s eni c c o n c e n t r a t i o n s
were proce s s ed f o o d s t h a t would not be e x p e c t e d to
have a l o c a l or ig in (i . e . nee, grape j u i c e , cooked s p i -
nach, p e a n u t b u t t e r , p e a s , cane sugar , corn meal
and beet s u g a r ) . S e a s o n a l i n f l u e n c e s ar e a l s o l i k e l y
to be m i n i m a ) in f o o d s such as these t h a t mav be

C o n s e q u e n t l y , t h e i n o r g a n i c arsenic c o n c e n t r a t i o n s
f r o m t h i s market baske t survey are l i k e l y to be gen-
e r a l l y r e p r e s e n t a t i v e o f t y p i c a l c o n c e n t r a t i o n s in
f o o d s t h r o u g h o u t t h e U S .

A r s e n i c may serve an e s s e n t i a l ro l e in grow th and
n u t r i t i o n ( U t h u s . 1994a.b: U t h u s a n d S e a b o r n .
1 9 9 6 ) . Based on s t u d i e s of arsenic d e p r i v a t i o n in
l a b o r a t o r y a n i m a l s , an arsenic r equirement f o r
humans e a t i n g 2000 k c a l / ' d a y h a s been e s t i m a t e d t o
be in the range of 12 to 2 5 / i g / d a y ( U t h u s . 1994b).
D e f i c i e n c i e s r e l a t e d to low arsenic i n t a k e s wou ld be
most l i k e l y t o a p p e a r i n i n d i v i d u a l s w i t h a l t e r e d
arsenic h o m e o s t a s i s or m e t a b o l i c s t r e s s ( U t h u s .
1994a). T h e s e doses s h o u l d be compared to t o x i c

T a b l e 5 . C o m p a r i s o n o f arsenic c o n c e n t r a t i o n s in rice ( u n c o o k e d ) (ng/g we t w e i g h t )
S o u r c e
U n i t e d S t a t e s '
(N - 4)T a i w a n *
(N - 5)T a i w a n '
(N = 5)Canada"

T o t a l ar s eni c
303
120
150
240

I n o r g a n i c ar s eni c
74
83

110
100

D M A
91
21
13

M M A
2

21
13

"
"Present s t u d y ( H C I d i g e s t i o n , h y d r i d e A A ) .
" S c h o o f e i a t . ( 1 9 9 8 ) ( H O d i g e s t i o n , h y d r i d e A A ) .' S c h o o f e i a l . ( 1 9 9 8 ) ( S p l i t s a m p l e s , g r o u n d , e x t r a c t e d w i th water a n d a n a l y s e d b y J C P - M S ) .
" Y o s t e i a l . ( 1 9 9 8 ) (HCl/HBr d i g e s t i o n , h y d r i d e AA), "organic" arsenic r e p o r l c d t o b e 160 n g / g .


